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LETTER
Close-Loop Angle Control of Stepper Motor Fed by Power Packets
Shiu MOCHIYAMAya), Student Member, Ryo TAKAHASHIy,Member, and Takashi HIKIHARAy, Fellow
SUMMARY The power packet dispatching system, in which electric
power is transferred in a pulse-shaped form with information, is expected
to realize dynamical management of multiple power sources in independent
systems such as robots. In this letter, close-loop control of a stepper motor
by power packets is discussed. The precise angle control is achieved by the
combined transfer of power and control information in experiments.
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1. Introduction
A wide variety of systems, including a legged robot [1], an
electric vehicle [2], and a More Electric Aircraft [3], are
driven by electricity. Recently dispersed power sources,
such as photovoltaic cells, fuel cells, and batteries, have
been introduced to these systems. Aiming for ecient man-
agement of these multiple power sources, a power packet
dispatching system was proposed [4]. A power packet is
a pair of pulse-shaped dc power and information tags at-
tached in voltage waveforms. In a dispatching network,
power packets are transferred to their destination loads ac-
cording to the address information in the tags. The authors’
group has already developed prototype apparatuses to pro-
duce and forward power packets, and verified their exper-
imental feasibility [4], [5]. The power packet dispatching
based on a physical tag attachment can realize a simultane-
ous handshake of energy and information in power manage-
ment.
This study focuses on an application of the power
packet dispatching to an electrically independent system,
which is disconnected from external power sources. The
research goal is to realize an optimal power distribution un-
der the limits of power available and demand of loads. We
seek the distributed and autonomous control of the flow of
power packets. This kind of decentralization is better suited
for a network including many elements; centralized con-
trol restricts the performance and throughput as the num-
ber of elements increases. For this purpose, we need to
ensure the simultaneity of power and information transfer.
In conventional systems, power supply system and infor-
mation system including control system are designed in-
dependently under the assumption that their power sources
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are large enough to feed every load. After power demands
are calculated for individual loads, the requested power is
supplied by current regulation via converters just in front
of loads. However, since independent systems contain only
a limited amount of power, the assumption of large source
capacity does not always hold. A simple adoption of the
conventional system may cause an imbalance of calculated
demand and actual power flow; in the worst case, it leads to
maloperation or damage of loads. Power packet dispatching
system can solve the problem by the physical integration of
power transfer and related information.
Toward the application of the power packet dispatching
to independent systems, this letter discusses the feasibility
of motion control by power packets. So far, our group has
experimentally verified the feasibility of trajectory control
of a manipulator fed by power packets [6]. However, since
the study adopts a centralized open-loop control of stepper
motors, there remain following two challenges. First, the
open-loop scheme can fail to control the angle in the pres-
ence of an external disturbance. An angle disturbance can
cause a step-out. Second, in [6], the information tag is at-
tached by a centralized scheme at the packet generation, and
fixed through the entire transfer from a source to a load. As
mentioned above, the centralized control restricts the per-
formance when the whole system gets larger. To overcome
these challenges, this letter discusses decentralized close-
loop control of stepper motors fed by power packets with the
angle feedback. We implement the close-loop scheme to a
distributed subsystem for a decentralization of power trans-
fer and control. A part of control information is attached at
the packet generation; the rest, or more detailed one, is gen-
erated at the distributed subsystem for each power packet
with application of sensor feedback information. This setup
is to confirm that decentralized motion control can be real-
ized in the power packet dispatching system, which has not
been discussed yet in previous studies. The feasibility of the
proposed control system is verified in experiments.
Close-loop control of stepper motors has been pro-
posed in some studies, e.g. by Fredriksen [7], which focus
on how to generate the control information. On the contrary,
we develop a close-loop control scheme in the power packet
dispatching system, which successfully integrates the power
transfer and control information.
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Fig. 1 Power packet and its dispatching system.
Fig. 2 Electrical circuit expression of stepper motor.
Fig. 3 Flow of information for proposed close-loop motor control.
2. Close-loop Control Scheme in Power Packet Dis-
patching System
Figure 1 shows a general configuration of the power packet
dispatching system. Power packets are generated by a mixer
with circuit switching [4]. A power packet consists of pulse-
shaped power called payload and information tags of voltage
logic waveforms. It is forwarded to its destination by routers
in the dispatching network according to the tag information
[4], [5].
This letter discusses angle control of a unipolar hybrid
stepper motor by power packets. This type of motors consist
of four excitation phases, A, B, A¯ and B¯, as shown in Fig. 2.
We adopt a one-phase excitation method [8] for its drive;
therefore, the motor angle control is achieved by supplying
pulse-shaped power to the phases in an appropriate order.
In this letter, we adopt a close-loop control system as
shown in Fig. 3, in reference of [7]. The input and output
signals of the controller are target angle d 2 [0; 2) and
target excitation phase pd 2 fA;B; A¯; B¯g, respectively. The
feedback signal of present angle  2 [0; 2) is assumed to be
available at arbitrary time. By using d and , the controller
Fig. 4 Schematic of proposed subsystem connected to dispatching net-
work.
Fig. 5 Schematic of Routing Circuit for Motor Drive (RCMD) [9].
determines pd at every clock time t = kT (k = 0; 1;    ). The
interval T corresponds to the length of each power packet.
The detailed algorithm for one cycle is as follows:
1. Obtain present angle position  and its correspond-
ing phase p from the feedback signal. Note that p 2
fA;B; A¯; B¯g is defined as the phase to be excited for
holding the angle .
2. Calculate the dierence of target and present angles
D := d   , and then determine the target rotation di-
rection as
a. clockwise, if D > step=2,
b. counter-clockwise, if D <  step=2,
c. holding present position, otherwise,
where step is a step angle of the motor.
3. Determine the target phase pd by appropriate shifting
or holding of p according to the result of Step 2.
The close-loop scheme enables angle control even in the
presence of a disturbance thanks to the angle feedback sig-
nal in Step 1. In open-loop control, Step 1 is replaced by an
estimation of  and p by the history of excited phases under
the assumption that there occurs no unexpected angle error.
The control scheme above is applied to a distributed
subsystem, which is a part of a larger dispatching network.
Figure 4 shows the schematic of the subsystem. The subsys-
tem consists of a stepper motor with an encoder and a rout-
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Fig. 6 Dispatching circuit used in experiment.
Fig. 7 Bit assignment of power packet. “1” and “0” represent “HIGH”
and “LOW” in voltage, respectively.
Fig. 5, dispatches the payload of input power packets to mo-
tor phases by controlling the switches corresponding to the
individual phases. Each power packet transferred to the sub-
system contains the signal of the target angle d. We assume
the signal is determined and attached as a tag at the mixer,
i.e. on the power source side. Every time the subsystem re-
ceives a power packet, the controller for RCMD determines
the target phase according to the scheme explained above.
Then RCMD dispatches the payload to the target phase. In
this way, the angle control is decentralized; a part of control
signals is generated on the load side.
3. Motor Control Experiment
3.1 Experimental Setup
Figure 6 depicts the dispatching circuit used in experiments.
It consists of a voltage source of 6:0V, a mixer and a
subsystem including a RCMD and a stepper motor (PKP-
214U06A-R2EL-L; step angle step = 1:8). In this letter,
router networks between the mixer and the subsystem are
omitted without loss of generality; previous experimental
study [5] already verified the power packet transfer via net-
worked routers.
The configuration and bit assignment of power packet
are shown in Fig. 7. The target motor signal of 1 bit in the
header (X in Fig. 7) determines which motor to be fed by
Fig. 8 Enlarged view of voltage waveforms of information tag, (a)
YYYY = 0000, (b) YYYY = 0100. A switching of RCMD occurred at the
end of the previous packet (approximately at 0.5ms), which was followed
by the header of the next packet (starting approximately from 0.6ms).
the payload. In the setup of this letter, we drive a single
motor; therefore, X is fixed at “0” for all the packets. The
following 4 bit (YYYY in Fig. 7) determines the target angle
signal as (YYYY)109, where ()10 indicates the conversion
from binary to decimal. The length of 1 bit is set as 10 
213 ns (approximately 80 s); i.e. the control interval T in
the previous section is set as approximately 8ms.
The feasibility of the close-loop angle control is veri-
fied in experiments in the following two cases. In case 1, the
target angle changes as 0 ! 36 ! 0. The motor angle
is controlled to follow the change of its target. In case 2, an
angle disturbance caused by an impulsive force on counter-
clockwise direction is given to the motor while it is con-
trolled to hold its present angle. We examine the improved
response of the close-loop system to an unexpected distur-
bance by comparing the result with one using an open-loop
scheme. As mentioned in the previous section, the open-
loop scheme uses the estimated angle, not the measured one,
for angle control.
3.2 Result of Case 1: with Changing Target Angle
We first examine the information transfer via tags of power
packets. Figure 8 shows an enlarged view of information
tags in voltage waveforms measured at the input of RCMD.
Figure 8 (a) is measured when the target angle is 0, and
(b) when 36. In Fig. 8(a), the header indicates that the tar-
get angle is 0 (YYYY = 0000). Similarly, in Fig. 8(b), the
header indicates that the target angle is 36 (YYYY = 0100).
At 0:5ms in Figs. 8(a) and (b), a voltage spike occurred.
This is because of the hard switching (from on to o) af-
ter RCMD recognized the footer, i.e. the end of the packet.
In the setup of this letter, it was confirmed that the spike did
not aect the information transfer.
Now, we confirm the achievement of angle control.
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Fig. 9 Result of case 1: (a) measured angle trajectory (red) and its target
(blue), (b) measured current waveforms (red and blue lines represent iA iA¯
and iB   iB¯, respectively).
Fig. 10 Result of case 2: (a) measured angle with close-loop control, (b)
measured angle with open-loop control. A disturbance was given at the
time pointed by arrows.
sured trajectory followed the change of target angle (0 !
36 ! 0). Figure 9 (b) shows the measured current flowing
the motor phases during the period indicated by the double-
headed arrow in Fig. 9(a). Each waveform in the figure de-
picts the dierence of current of complementary pair, e.g.
iA   iA¯; therefore, the positive (negative) value represents
the excitation of A (A¯). Current pulses were given to the
phases in the order corresponding to the clockwise rotation,
“A ! B ! A¯ ! B¯ !    ,” until the angle reached the
target. From the results, the subsystem was confirmed to
be able to control the destination phase appropriately using
target and present angle signal.
3.3 Result of Case 2: with Disturbance
Now let us confirm the angle trajectories when a disturbance
is given from outside the system. Figure 10(a) shows the
angle trajectory controlled with the close-loop scheme. Af-
ter the disturbance, the motor angle was controlled to get
back to the target 0 again. On the contrary, in Fig. 10(b)
showing the result with the open-loop scheme, the angle did
not get back to the target after the disturbance. Because the
open-loop scheme has no means to sense the disturbance, it
kept feeding to the same phase. The results indicate the pro-
posed close-loop scheme achieves the angle control even in
the presence of an unexpected disturbance.
4. Conclusions
In this letter, we verified that the proposed close-loop sys-
tem achieved angle control of a stepper motor by integrated
transfer of power and information, i.e. by power packets.
The successful angle control was confirmed even in the pres-
ence of a disturbance. The results indicate that power pack-
ets can feed the power and information required for motion
control. In addition, the decentralized implementation of the
motion control scheme suggests the possibility of an appli-
cation to a dispatching network consisting of many sources
and loads.
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